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ABSTRACT 

The second known outburst of the WZ Sge type dwarf nova GW Lib was observed 
in April 2007. We have obtained unique multiwavelength data of this outburst which 
lasted ~ 26 days. AAVSO observers recorded the outburst in the optical, which was 
also monitored by WASP, with a peak V magnitude of ~ 8. The outburst was followed 
in the UV and X-ray wavelengths by the Swift UVOT and XRT telescopes. The X- 
ray flux at optical maximum was found to be three orders of magnitude above the 
pre-outburst quiescent level, whereas X-rays are normally suppressed during dwarf 
nova outbursts. A distinct supersoft X-ray component was also detected at optical 
maximum, which probably arises from an optically-thick boundary layer. Follow-up 
Swift observations taken one and two years after the outburst show that the post- 
outburst quiescent X-ray flux remains an order of magnitude higher than the pre- 
outburst flux. The long interoutburst timescale of GW Lib with no observed normal 
outbursts support the idea that the inner disc in GW Lib is evacuated or the disc 
viscosity is very low. 

Key words: accretion, accretion discs - stars: dwarf novae - stars: novae, cataclysmic 
variables - X-rays: stars - X-rays: binaries 



1 INTRODUCTION 

Dwarf novae (DNe) are non-magnetic cataclysmic variables 
(CVs) with accretion discs and with a white dwarf primary 
and a main sequence secondary star. They are relatively 
nearby sources which provide a laboratory for studying ac- 
cretion disc physics in our Galaxy. The orbital periods of 
DNe are typically between 70 min and 10 h. From time to 
time, the disc goes into an outburst which is a brightening 
of the disc by 2-9 magnitudes and which can last from days 
to several weeks. The mechanism leading to a dwarf nova 
outburst is thought to b e a disc instability which was first 
proposed by Hoshil (|l979l ) (for a more detailed discussion see 
lLasotal (|2001 )). After this luminous phenomenon, the sys- 
tem returns to quiescence which can last from ~ 10 days to 
decades. The disc dominates the optical emission during an 
outburst. SU UMa type dwarf novae show superoutbursts 
which can last for several weeks and are characterized by 
superhumps, periodic brightenings whose recurrence times 
are slightly longer than the orbital period. Superhumps are 
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thought to be due to a 3:1 resonance in the accretion disc 
jWhitehurstlll98Sf) . While most SU UMa types show normal 
outbursts and superoutbursts, a subset called the WZ Sge 
stars only have superoutbursts. A typical feature of super- 
outbursts is a plateau phase in the optical lightcurve lasting 
for several days. 

GW Lib was discovered in 1983 when it went into 
an outburst jMaza fc Gonzalez] [l983). It was present in 
ESO B Survey plates at magnitude 18.5 preceding the 
1983 outburst. GW Lib brightened by 9 magnitudes dur- 
ing the outburst and later faded back to the quiescent state 
and thus was classified as a nova. Later studies showed 
that the spectrum resemb led a dwarf nova in quiescence 
l|Duerbeck fc Seitter|[l987h . Since 1983, no other outbursts 
of GW Lib had b een observed until that of April 12, 2007 
|Templetonll2007l ). This outburst, which was recorded by the 
AAVSO observers, WASP-South and by Swift, lasted for 26 
days. The brightest optical magnitude was reached at ~ 8 
mag in the V band. GW Lib has been classified as a WZ 
Sge type star due to its short period (P or b = 76.78 min, 
Thorstensenl |2002| ) and low accretion rate (|van Zvl et al.l 
2004l . Typical characteristics of WZ Sge type stars are short 
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orbital periods, low mass-transfer rates and extremely long 
recurrence times which can last for decades. GW Lib was the 
first observed CV in w hich the accreting white d warf showed 
non-radial pulsations (|Warner fe van ZvHll99Sl ). This phe- 
nomenon was not expected to be discovered in accreting 
binaries since they were considered to be too hot to be lo- 
cated in the DAV instability strip, although low mass trans- 
fer rates from the secondary would explain low net accretion 
rates onto the white d warf, and thus a lowe r accretion heat- 
ing of the white dwarf dvan Zvl et alj |2000). The pulsations 
of white dwarfs are thought to be due to g-m ode non-radial 
gravity waves l|Koester fc Chanmugam|[l990l ). In GW Lib, 
pulsations are seen near 230, 370 and 650 s in the optical 
waveband (e.g. SAAO data), and also in the HST UV data 
but with ~ 6 times higher amplitudes than in the optical 
|Szkodv et al.ll2002l ). An XMM- Newton observation of GW 
Lib obtained in 2005 during its quiescent state reveals that 
these pulsations are also present in the XMM-Newton Op- 
tical Monitor (OM ) data, but not seen in the X-ray data 
l|Hilton et al.1 120071 1. These XMM-Newton observations also 
confirmed that GW Lib has a very low accretion rate during 
quiescence. 

In this paper, we present the 2007 outburst lightcurves 
of GW Lib in the optical (AAVSO and WASP-South), 
UV {Swift, UVOT) and X-ray {Swift, XRT) bands. We 
also present X-ray spectral analysis of the outburst ob- 
servations and follow-up Swift observations of GW Lib 
in 2008 and 2009. Previous multiwavelength observations 
covering outbursts of SU UMa (and WZ S ee) type sys- 
tems have been obtained fr om e.g. V W Hvi |Pringle et al.l 
1987i;IWheatlev et al lll996bh . WZ Sge (|Kuulkers et al.ll2002l ; 
Wheatlev fc Mauchd 120051). and OY Car, which was ob- 



served by the EUVE (|Mauche fc Raymond! l2000h . Multi- 
wavelength observations of dwarf novae are needed in or- 
der to enhance our knowledge of astrophysical systems with 
discs, e.g., X-ray binaries and AGNs. DN outbursts offer a 
good opportunity to study the disc physics, and compare 
the current theory of outbursts with the observational in- 
formation. The fact that GW Lib does not show any normal 
outbursts and the recurrence time between the two major 
outbursts was over 20 years, suggests that the disc structure 
could be different from most other dwarf novae. 



2 OBSERVATIONS AND DATA REDUCTION 

GW Lib was i nitially observed by the Swift Gamma-ray 
Burst Explorer (|Gehrels et al.ll2004l ) between April 13th and 
May 16th, 2007, over an interval of 30 days. The data were 
obtained with the U ltraviolet /Optical Telescope (UVOT) 
Roming etld1l2005l) and with the X-ray telescope (XRT) 



Burrows et al.ll2005l ) which has an energy reso l ution of 140 



eV at 5.9 keV (at launch) fsee lCapalbi et al.1 (120051 ). R ~ 
40). The XRT was operating in the Window Timing (WT) 
and Photon-Counting (PC) modes during the observations. 
The UVOT observations were obtained in the imaging mode 
with the UV grism in order to provide spectral information 
and to mitigate against coincidence losses. The resolution of 
the UV grism is R ~ 150 for 11-15 magnitude range starfl 



The details of the 38 observations are listed in Table [T] The 
first two observations were obtained in imaging mode with 
the UVM2 filter, but these suffer from severe coincidence 
loss effects and were thus excluded from our analysis. The 
optical data were provided by the AAVSO o bservers and by 
the W ide Angle Search for Planets (WASP) l|Pollacco et al.1 
l200fj) . 

In addition to the outburst observations, follow-up Swift 
observations of GW Lib were made in April-May 2008 and 
February-March 2009. For these observations the V and 
UVW1 filters were used in the UVOT instrument. The de- 
tails of these observations are also given in Table [T] 



2.1 UV grism data reduction 

The Swift UV grism was operating in clocked mode at the 
time of the outburst observations. We have used our own 
automated pipeline , based around UVOT Swift FTOOLS 
l|lmmler et al.l 12006) for the spectral extraction of the UV 
grism data. The release version which we used (heasoft 
v.6.1.2) of the Swift UVOT analysis software does not allow 
grism spectra to be traced, nor extracted optimally. Thus 
under FTOOLS, we were restricted to using a box extraction 
of a fixed width for both source and background regions. The 
extraction box must be well-centered, aligned in so far as is 
possible with the dispersion direction and broad enough that 
slight miscenterings do not preferentially exclude flux from 
the wings of the extracted spectra at specific wavelengths. 
For a well-centered box, a width of 35 pixels contains 90 per 
cent of the integrated source counts, and this was the width 
chosen. Larger widths increase the source counts, but can 
also add in poorly subtracted background counts, and thus 
do not enhance the statistical quality, and further increases 
the likelihood of contamination by nearby sources. For the 
background, we used extraction widths of 25 pixels. 

After having chosen our source and background regions 
for each observation, the images were corrected for mod- 
8 fixed pattern noise, and source and background spectra 
were extracted automatically using the FTOOL uvotim- 
GRISM. Response functions were then created with uvotrm- 
fgen. Unfortunately, the last 39 spectra from 10 May 2007 
onwards were taken at a roll-angle which placed a nearby 
source (TYC6766-1570-1) on a line between our source and 
in the same direction as the dispersion direction. These spec- 
tra were severely contaminated and we therefore exclude 
them from our analysis. The wavelength range of the UV 
data for the lightcurve was restricted to 2200-4000 A due 
to contamination by other 0th order spectra in the short 
wavelength end. 

The 2008 and 2009 observations were obtained in filter 
mode. We derived the Uand UVW1 (A = 2600 A) fluxes and 
magnitudes using the FTOOL uvotmaghist. The source 
counts were extracted by using circular extraction region 
with Tare = 5 arcsec. A circular background region with a 
radius of Tb g = 10 arcsec was placed on a source free region 
in the field of view. 



2.2 X-ray data reduction 



The X-ray data reduction was performed with the standard 
1 http://heasarc.gsfc.nasa.gov/docs/swift/analysis/uvot_ugrism.html Swift pipelines retaining grades 0-12 for the PC mode and 
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Table 1. The Swift observations of GW Lib obtained in 2007, 2008 and 2009. 



OBSID 


T 


Roll angle 


UVOT 


XRT WT 


XRT PC 


Ugrism 






degrees 


exposure (s) 


exposure (s) 


exposure (s) 


exposure (s) 


30917001 


2007-04-13T15:19:47 


133 


4914 


2902 


1910 





30917002 


2007-04-18T06:22:00 


136 


4781 


4755 








30917003 


2007-04-20T17:53:57 


141 


992 


5 


990 


992 


30917004 


2007-04-21T03:47:02 


142 


769 


1 


772 


769 


30917005 


2007-04-21T14:55:01 


142 


904 


2 


910 


904 


30917006 


2007-04-21T22:56:00 


142 


1442 


4 


1447 


1442 


30917008 


2007-04-22T23:02:00 


142 


1264 


2 


1271 


1264 


30917009 


2007-04-23Tll:42:01 


142 


1050 


8 


1048 


1050 


30917010 


2007-04-24T00:50:00 


142 


1352 


13 


1349 


1352 


30917011 


2007-04-24T13:38:01 


142 


1288 


4 


1294 


1288 


30917012 


2007-04-25T02:38:00 


142 


1635 


6 


1639 


1635 


30917013 


2007-04-25T12:15:01 


142 


1632 


10 


1634 


1632 


30917014 


2007-04-26T02:50:01 


142 


1393 


5 


1400 


1393 


30917015 


2007-04-26T20:30:01 


142 


1344 


6 


1350 


1344 


30917016 


2007-04-27T02:28:00 


155 


5868 


12 


5890 


5868 


30917017 


2007-04-29T01:05:00 


155 


5643 


15 


5659 


5643 


30917018 


2007-05-01T01:18:01 


168 


3150 


6 


3162 


3150 


30917019 


2007-05-05T09:46:01 


168 


1597 


3 


1605 


1597 


30917020 


2007-05-05T22:38:01 


168 


1596 


2 


1605 


1596 


30917022 


2007-05-07T00:20:00 


151 


1589 


9 


1588 


1589 


30917023 


2007-05-07Tll:35:01 


151 


1358 


2 


1364 


1358 


30917024 


2007-05-07T22:50:00 


151 


1595 


7 


1590 


1595 


30917025 


2007-05-08T10:09:00 


156 


1294 


2 


1294 


1294 


30917026 


2007-05-08T21:24:01 


156 


1247 


2 


1249 


1247 


30917027 


2007-05-09T08:41:00 


156 


875 


6 


872 


875 


30917028 


2007-05-09T19:49:01 


156 


1496 


2 


1504 


1496 


30917029 


2007-05-10T00:45:01 


162 


1457 


4 


1462 


1457 


30917030 


2007-05-10T18:19:00 


162 


1577 


4 


1582 


1577 


30917031 


2007-05-llT07:10:01 


162 


1433 


3 


1439 


1433 


30917032 


2007-05-llT18:25:01 


162 


1369 


5 


1371 


1369 


30917033 


2007-05-12T07:16:00 


162 


1372 


10 


1366 


1372 


30917034 


2007-05-12T18:31:00 


162 


1372 


2 


1379 


1372 


30917035 


2007-05-13T05:46:01 


162 


1157 


4 


1161 


1157 


30917036 


2007-05-13T18:37:00 


162 


1313 


4 


1319 


1313 


30917037 


2007-05-14T07:28:01 


162 


1373 


4 


1377 


1373 


30917038 


2007-05-14T18:42:01 


162 


1250 


3 


1255 


1250 


30917039 


2007-05-15T07:34:01 


162 


1400 


2 


1406 


1400 


30917041 


2007-05-16T04:27:01 


162 


1947 


6 


1956 


1947 


30917042 


2008-04-24T17:33:01 


150 


4772 





4959 





30917043 


2008-05-01T18:25:09 


173 


83 





122 





30917044 


2008-05-08T12:38:01 


151 


1612 





1627 





30917045 


2009-02-22T02: 16:00 


111 


5939 





5779 





30917046 


2009-03-02T03:10:01 


112 


4536 





4586 






0-2 for the WT mode data. The Swift X-ray data cover the 
energy range 0.3-10 keV, but the source is detected only 
up to 8.0 keV. The X-ray lightcurve was extracted from 
the WT and PC m ode data by using the tools described in 
lEvans et all i|2009t ). 

The X-ray spectra were extracted with xselect. For 
the WT mode data, a 40 pixel (94") box for the source and 
an 80 pixel (189") box for the background region were used. 
The normal limit for pile-up in WT mode data is ~ 100 ct/s 
l|Romano et al.ll2006t ). thus it was not necessary to account 
for this when extracting the spectra. The PC mode source 
data were extracted using a 20 pixel (47") circle and the 
background data within a 60 pixel (141") circular area. The 
PC mode data from the first observation were not used for 



spectral extraction. The PSFs of the rest of the PC mode 
data were checked to verify that pile-up did not occur. 



2.3 WASP data reduction 

GW Lib falls into a field which was being intensively 
monitored by the W ASP search for transiting exoplanets 
l|Pollacco et all l2006h at the time of the outburst. The 
WASP is a wide-field imaging system with each instrument 
having a field of view of 482 deg 2 . The photometric accu- 
racy of the instruments is better than 1 per cent for objects 
with V magnitude ~ 7.0-11.5. The field (centred on 15h 
02m, 28d 22m) was observed between February 16, 2007, and 
July 19, 2007, with an average of 88 images per night, each 
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Figure 1. The optical, UV and X-ray outburst lightcurves of GW Lib. To is JD 2454203.1, which corresponds to the start time of the 
first data point in the AAVSO lightcurve. The top panel shows the AAVSO optical lightcurve (www.aavso.org) in the V band (converted 
to log F) in black and the WASP lightcurve in light grey (see text for details). The upper panel insert shows the rapid rise to maximum 
peaking one day after the onset of the outburst. The middle panel shows the UV in the wavelength range 2200-4000 A (Swift UV grism), 
and the bottom panel the X-ray lightcurve in 0.3-10.0 keV (Swift XRT). The X-ray data have been binned at 600 s and the other bands 
are plotted per exposure. 



with an exposure time of 30 s. The data were extracted and 
calibrated in automated fashion using the st andard WASP 
pipeli ne, full details of which are given in iPollacco et all 

ipooeft , 

3 TIME SERIES ANALYSIS 
3.1 Outburst lightcurves 

Fig-EDpresents the April-May 2007 outburst of GW Lib. The 
top panel shows the AAVSO V-band lightcurve in black and 
the WASP lightcurve ( V+R bands) in light grey (scaled to 
match the AAVSO V band magnitude). The magnitudes 
have been converted to log F in order to make comparison 
between the optical and UV lightcurves clearer. The middle 
and lower panels show the UV and X-ray lightcurves re- 
spectively. The AAVSO outburst lightcurve is already rising 
from magnitude 13 (log F ~ -13.6 erg cm -2 s _1 A -1 ) on 
JD 2454203.1 which we define as To. It reaches its highest 



peak one day later at magnitude 7.9 (log F « -11.7 erg cm -2 
s _1 A -1 ), and after the peak, declines steadily for 23 days. 
At 29 days after the beginning of the outburst the optical 
brightness declines sharply to magnitude ~ 14 (log F ~ - 
14.2 erg cm -2 s _1 A -1 ), presumably as the accretion disc 
returns to its quiescent state. Large variations in the WASP 
lightcurve around day To + 11, resulting from poor weather 
conditions were excluded. 

The rise of the UV emission for GW Lib was not ob- 
served, and so we are not able to qua ntify any UV delay , 
such as that previously measured by e.g lHassalT et al.l (|l983l) 
in VW Hyi. However, the system is already extremely UV 
bright at the time of the first Swift observations, 1 d after 
the beginning of the outburst, when the UVM2 filter was 
used. Unfortunately, these two observations are far too over- 
exposed to provide useful flux measurements and they are 
not shown in our lightcurve. Our UV lightcurve (from the 
UVOT grism data) starts 8 d after the onset of the outburst. 
It remains almost flat for ~ 6 days and then starts to decline. 
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At 24.5 days after the optical rise the UV lightcurve shows a 
steep decline, approximately simultaneously with the sharp 
optical decline. It reaches a minimum about 2 d later. The 
UV data after the day To + 27.5 have been excluded due to 
contamination. 

The X-ray observations (0.3-10.0 keV) start 1 d af- 
ter the rise in the optical, approximately at the time of 
the optical peak. Our data do not cover the rise of the X- 
rays, thus we are not able to quantify any delay between 
the optical and X-ray rise, s uch a s that observed e.g. by 
IWheatlev. Mauche fc Mattel (|2003l ) in SS Cyg. In GW Lib, 
the X-ray flux is initially ~ 3 orders of magnitud e above 
its pre-outburst quiescent level l|Hilton et al J 120071 ). and it 
declines rapidly for ~ 10 days before continuing to decline 
more slowly during the remainder of the optical outburst. 
Around day To + 26, the flux dips sharply from log F w 
-11.6 erg cm" 2 s" 1 to log F « -12.0 erg cm -2 s _1 , lasting 
for less than a day. We have checked these data carefully 
and it is clear that this is a real dip in the brightness of the 
source. After the dip, the X-rays rise to the level of log F « 
-11.2 erg cm -2 s _1 and show a bump between days To + 26 
and To + 29, which peaks at approximately the same time 
that the UV lightcurve finishes its steep decline. From To 
+ 29 days onwards, the X-ray flux remains approximately 
constant at ~ -11.5 erg cm -2 s _1 . 

During the two follow-up Swift observations in 2008 the 
count rate was consistent on days To + 378 and To + 392 
at 0.03 ± 0.01 ct s" 1 . In 2009, 682 and 690 days since Tp, it 
was 0.04 ± 0.01 ct s _1 . For comparison, iHilton et all (|2007l ) 
report a quiescence count rate of 0.02 ct s _1 (0.2-10.0 keV) 
in the XMM-Newton pn camera on August 25-26, 2005, 
about two years before the outburst. Assuming a thermal 
bremsstrahlung model of kT = 3 keV, this corresponds to an 
XRT count rate of 0.002 ct s _1 , where we used WebPIMM^I 
to make the conversion. Thus the X-ray flux seems to have 
remained an order of magnitude above the pre-outburst qui- 
escent level for about two years after the outburst. 

Fig. [2] shows the soft X-ray lightcurve (upper panel) in 
the 0.3-1.0 keV band and the hard X-ray lightcurve (middle 
panel) in the 1.0-10.0 keV band from the outburst observa- 
tions. The lower pa nel shows the hard ness ratio (extracted 
by using the tools of lEvans et al.ll20 09). The hardness ratio 
gradually increases during the outburst, and shows a sharp 
increase at the time of the bump in the X-ray light curve, 
which coincides with the steep decline in the optical and UV 
lightcurves. 

3.2 Search for oscillations in the X-ray data 

Pulsations were disc overed in the quies c ent o ptical emis- 
sion of GW Lib by IWarner fc van Zvll (119981 ). Pulsation 
periods near 230, 370 a nd 650 s are seen i n the optical 
and UV wavebands (e.g. Ivan Zvl et alJliooilSzkodv et al.l 
20021) and an opt i cal 2. 1 h modulation was d iscove red by 
Woudt fc Warned <|2002h . ICopperwheat et al l (|2009D found 
that the pulsation periods were suppressed after the 2007 
out burst, but that the 2.1 h modulation remained. 

IHilton et all l|2007h searched for these modulations in 
the XMM-Newton X-ray data taken during quiescence be- 

2 http:/ /heasarc. gsfc.nasa.gov/Tools/w3pimms. html 
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Figure 2. The soft (0.3—1.0 keV, upper panel) lightcurve, the 
hard (1.0—10.0 keV, middle panel) lightcurve, and the X-ray hard- 
ness ratio (hard/soft) of GW Lib. The data have been binned at 
700 s. 



fore the outburst, but did not detect any significant period- 
icities. They measured an upper limit of 0.092 mag for the 
X-ray pulsations. 

We searched for periodicities from the outburst data by 
using two methods. When examining shorter timescales we 
took power spectra of near continuous section s of data, ap- 
plying the normalisation of lLeahv et al.l (| 1983T ) which allows 
the noise powers to be easil y characterised so that detection 
limit s can be set (see also iLewin. Paradiis fc van der Klisl 
1988). For this method, the WT mode data were binned 
into 1 s time bins and the PC mode data into 5 s bins, which 
gave approximately 512 and 256 time bins per Fourier trans- 
form from individual Swift orbits, respectively. This gave 13 
transforms for the WT mode and 48 for the PC mode, from 
which the averaged power spectrum was constructed for each 
mode. At the 99 per cent confidence level, no periodicities 
were seen in the data with a fractional amplitude upper limit 
of 6 per cent (WT mode) over the period range 2-512 s, and 
11 per cent (PC mode) over the period range 10-640 s. 

When searching for longer timescale modulations, no- 
tably at 650 s and 2.1 hr (~ 7560 s), as seen previously by 
the authors mentioned above, we initially calculated Lomb- 
Scargle periodograms of the data. Unfortunately, the identi- 
fication of any potentially real modulation in the WT mode 
data at these timescales was hindered by the window func- 
tion caused by the light curve sampling. However, by folding 
the PC mode data at the previously seen longer periods and 
at the orbital period (P r& = 76.78 min, lThorstenser]|2002h 
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Table 2. The XRT spectra of GW Lib and the corresponding 
observations. The epoch is in days since Tq. 



Spec 


Epoch 




(d) 


SI 


1-2 


S2 


6 


S3 


8-19 


S4 


23-28 


S5 


28-34 


S6 


(2008 & 2009 data) 



we estimated 99 per cent upper limits to the fractional am- 
plitude of any modulation at 650 s, 76.78 min (~ 4607 s) 
and 7560 s to be 7, 6 and 8 per cent, respectively. 



4 SPECTRAL ANALYSIS 
4.1 Outburst X-ray spectra 

Five X-ray spectra were extracted from the outburst obser- 
vations to investigate the spectral evolution. The first and 
the second spectra, SI and S2, consist of single observations 
(WT mode data) covering days To + 1-2 and 6 respectively. 
The last three spectra, S3, S4 and S5, were extracted by com- 
bining observations covering longer time intervals (PC mode 
data). These intervals are given in Tabled The X-ray spec- 
tra were binned at 20 cts/bin using the FTOOL grppha, and 
the spectral analysis was carried out using Xspecll. Fig. [3] 
shows the X-ray spectra from the start of the outburst (top) 
until the end (bottom). The combined spectrum from the 
follow-up observations of 2008 and 2009 is also shown (la- 
beled S6). The outburst spectra show that the increase in 
hardness apparent in Fig. [2] is due to a decrease in the rel- 
ative strength of emission below about 1 keV. There is also 
excess soft X-ray emission apparent below 0.4 keV in the 
first observation (SI). 

When DNe are in quiescence, the boundary layer is 
optically-thin and assum ed to be a source of hard X-rays 
jPringle fe Savoniidll979h . During an outburst, the bound- 
ary layer is optically-thick and emits more luminous soft 
X-ray e mission which is usually described as black body 
emission dPringlell 19771 ). The optically-thin hard X-ray com- 
ponent is usually somewhat suppressed in outburst. 

The Swift XRT spectra shown in Fig. [3] arc 
clearly dominated by hard X-ray emission, and so 
we started by fitting the first spectrum (SI) us- 
ing an optically-th in thermal plasma model (mekal 
model in Xspec. iMewe. Lemen fc van der Oordl 1 19861 ; 
iLiedahl. Osterheld fc Goldsteinl ll995F with phot oelectric 
absorption (wabs. iMorrison fc McCammonl I1983T ) letting 
the abundance vary freely. This fit was not successful (xl / v 
= 3.35/226) and a clear excess of soft photons was present 
below 0.7 keV. To account for this excess we then added a 
black body component to the fit which improved (xt/v = 
2.54/224). There were still strong residuals between 0.5-0.7 
keV suggesting that a second optically-thin thermal emission 
model was needed. The abundances were still allowed to vary 
but they were tied between the two optically-thin emission 



models. With this model (a black body and two optically- 
thin emission components with photoelectric absorption), 
we obtained a statistically acceptable fit to the SI spectrum 
{xll v = l.H/222). We tested whether a third optically- 
thin emission component would improve the fit, and found 
a slightly better fit statistic of xil v = 1-08/220. Using the 
F-test, we found that this provides a better description of 
the underlying spectrum with a confidence of 98.5 per cent. 
Of course, these three distinct temperature components are 
most likely just an approximation to an underlying contin- 
uou s distribution, such as t he c ooling flow models used by 
e.g. IWheatlev et"aH l|l996bl ) and lMukai et al.l i|2003l ). 

The data and the best-fit model components for SI with 
residuals are plotted in Fig. [4] The full set of fitted pa- 
rameters is given in Table [3] It is worth noting that the 
fitted abundance is low, only 0.02+q'q* x solar. We looked 
at this in some detail and found that the low abundance 
in our fit is driven entirely by the lack of thermal iron 
lines at around 6.7 keV. Strong line emission is predicted 
also by the model around 1 keV, but the spectral resolution 
here is not sufficient to provide strong constraints on abun- 
dances. Nevertheless, by fitting with a black body and three 
optically-thin thermal emission models with variable abun- 
dances (vm ekal), we found tha t the high oxygen abundance 
reported bv lHilton et~aH (|2007h in GW Lib in quiescence (6- 
8 x solar) can be ruled out for our SI spectrum. Setting the 
oxygen abundance to 6 x solar in our model resulted in an 
unacceptable best-fit statistic of xt/ v ~ 1-62/221. This fit 
is plotted in Fig. [5] 

In order to investigate the evolution of the X-ray spec- 
tra of GW Lib during the outburst, we tested the need for 
multi-temperature optically-thin emission components and 
for the black body in a similar manner for the second spec- 
trum S2 and the subsequent spectra S3, S4 and S5. Since 
the abundances of the spectra S2, S3, S4 and S5 were not 
well-constrained, they were fixed to the best fit abundance 
of spectrum SI. There is no evidence for the presence of 
a black body component in these spectra. Thus, a black 
body was not employed in the spectral fitting of the sub- 
sequent outburst spectra. The best fit for spectrum S2 was 
found with a photoelectric absorption and three optically- 
thin emission components which yielded a goodness of fit of 
Xvl v = 1.25/89. The rest of the outburst spectra S3, S4 and 
S5 were fitted successfully with photoelectric absorption and 
two optically-thin emission components. The best fit values, 
their 90 per cent confidence limits and the unabsorbed flux 
for each thermal emission component in the 0.3-10.0 keV 
range are given in Table [3] It can be seen that the increase 
in hardness towards the end of the outburst is due to a de- 
crease in the relative quantity of cooler gas as the flux of the 
cooler temperature component drops in spectra S3-S5. 

4.2 Fluxes, luminosities and accretion rates 

The total fluxes, luminosities and accretion rates in the 
0.3-10 keV range are given in Table [4] The fluxes given 
in the 0.3-10 keV range are absorbed fluxes. T he distance 
was taken to be r = 104 pc (lThorstensenll2003r ). The accre- 
tion rates were estimated by using M — 2LRwd/GMwd, 
whe re we adopt Mwd = 1 Mq an d Rwd = 5.5 x 10 8 
cm l|Townslev. Arras fc Bildsten 2004). The first X-ray spec- 
trum gives a luminosity of 2.06 x 10 32 erg s _1 which corre- 
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The XRT spectra of the GW Lib outburst 




0.5 ' ' ' 1 2 ' ' 5 

channel energy (keV) 

Figure 3. The X-ray spectra of GW Lib throughout the outburst. 



Table 3. The results of the spectral fitting using photoelectric absorption, black body and three optically-thin emission components. 
Not all components are fitted to all spectra. The errors correspond to the 90 per cent confidence limits for one parameter of interest. 
The measured abundance from the SI spectrum is 0.02^'^, and the abundances in the other fits have been fixed at this value. The 
unabsorbed fluxes Fi, F2 and F3 correspond to the three optically-thin emission components in the 0.3—10.0 keV band. 
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The spectral fit components of spectrum S1 




channel energy (keV) 

Figure 4. Upper panel: best-fit model components of the first outburst spectrum (SI) of GW Lib. The data are fitted with a black body 
and three optically-thin thermal emission components, all absorbed by the same column density. Lower panel shows the residuals. 



data and folded model 




channel energy (keV) 



Figure 5. Upper panel: a spectral fit (a black body and three optically-thin thermal emission models with variable abundanc es (vmekal)) 
to the first outburst spectrum (SI) with the oxygen abundance fixed to that found in the XMM-Newton quiescent spectrum bv lHilton et al] 
d2007h . An oxygen line of this strength (at 0.65 keV) would be detected and the fit is unacceptable with xi/ u = 1.62/221. The lower 
panel shows clear residuals between 0.55—0.70 and above 6.5 keV. 



sponds to M = 1.71 x 10 15 g s _1 or 2.7 x 10" 11 M yr _1 
in the 0.3-10 keV band. Since we do not see a rise in the 
X-rays, we are not able to say whether this is the peak lumi- 
nosity of this outburst. We also derived the corresponding 
parameters for the bolometric luminosity by extrapolating 
our spectral fit over the range 0.0001-100 keV. The bolo- 
metric luminosity of the black body component in spectrum 
SI is not well constrained, and the best fit value exceeds the 



Eddington limit of 1.3 x 10 38 erg s _1 for the assumed mass; 
Fig. [6] shows the 68, 90 and 99 per cent confidence levels of 
Tin v. YTtb and the corresponding range of bolometric lu- 
minosities. It can be seen that fits are allowed with much 
lower absorption column densities and luminosities. There 
is no reason to believe that the luminosity would exceed the 
Eddington limit. Estimating the luminosities of supersoft X- 
ray sources with black body models is notoriously unreliable 
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Table 4. The fluxes, luminosities and accretion rates in the 0.3-10 keV (fluxes absorbed) and 0.0001-100 keV (bolometric, fluxes 
unabsorbed) bands of the XRT spectra. 



Spec Flux Luminosity M Flux Luminosity M 

erg cm -2 s" 1 erg s _1 g s — 1 erg cm -2 s _1 erg s — 1 g s _1 

(0.3-10 keV) (0.3-10 keV) (0.3-10 keV) (0.0001-100 keV) (0.0001-100 keV) (0.0001-100 keV) 



SI 


1.60x10" 


10 


2.06 xlO 32 


1.71X10 15 










S2 


1.25x10* 


ii 


1.63xl0 31 


1.35X10 14 


5.10x10" 


ii 


6.66X10 31 


5.52X10 14 


S3 


5.18x10" 


12 


6.66X10 30 


5.52X10 13 


1.12x10" 


ii 


1.44X10 31 


1.19X10 14 


SI 


4.38x10" 


12 


5.63X10 30 


4.67X10 13 


9.53x10" 


12 


1.23X10 31 


1.02X10 14 


S5 


3.66x10" 


12 


4.71 xlO 30 


3.89X10 13 


8.12x10" 


12 


1.04xl0 31 


8.62X10 13 



Confidence contours: Chi-Squared 




o 0.013 0.014 0.015 0.016 0.017 0.018 0.019 
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Figure 6. Black body parameters derived from the first outburst spectrum (SI) of GW Lib. The 10 3s (L e£ jd), 10 37 (0.1 L el id) and 10 36 
erg s _1 (0.01 L e£ jd) bolometric luminosity levels of the black body component are shown as dashed lines. The contours describe the 68, 
90 and 99 per cent confidence levels for n// v. kTj,;,. 



(e.g. iKrautter et al.| [T996). Consequently we do not attempt 
to give a bolometric luminosity for SI in Table [4] 



4.3 Later X-ray observations 

We also determined the flux and luminosity for the individ- 
ual integrated spectra of the 2008 and 2009 observations, 
and for the combined 2008+2009 spectrum. The spectra 
were fitted with an absorbed single-temperature optically- 
thin thermal emission model. For the individual 2008 and 
2009 spectra, we used Cash statistics due to the low number 
of counts. The spectral fitting parameters with fluxes and 
luminosities are given in Table [S] The abundance was un- 
constrained by the data and we fixed the value of Z = 0.02 
Zq as obtained in outburst. The values in Table [5] show 
that the state of GW Lib did not change much between the 
2008 and 2009 observations. C ompared to the luminosity ob- 
tained bv lHilton et all (|2007f l before the outburst (L(0.2-10 



keV) = 9 x 10 28 erg s" 1 ), GW Lib is still an order of mag- 
nitude brighter in the Swift observations ~ two years after 
the outburst. 



4.4 Outburst UV spectra 

Four background-subtracted source UV outburst spectra 
and one background spectrum are shown in Fig. [7] The 
observing dates corresponding to each spectrum are given 
in Table |S] They were chosen to represent the evolution of 
the UV data with time. The spectra show a blue contin- 
uum without strong emission or absorption lines, although 
weak features would be difficult to identify as the spectra 
suffer from modulo-8 fixed pattern noise. The top spectrum 
is an average of three source spectra corresponding to days 
To + 8, 13 and 18 during the initial slow decline in Fig. [T] 
The two subsequent spectra are from days To + 23 (before 
the steep decline) and To + 26 (after the steep decline) . The 
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Table 5. The spectral fitting parameters with fluxes and lumi- 
nosities of the 2008 and 2009 (columns 2 and 3) X-ray observa- 
tions of GW Lib. The fourth column shows the spectral fitting 
parameters for the combined 2008 and 2009 spectrum. 



Parameter 



10 2(1 cm" 2 

kT 
keV 



2008 



2009 2008+2009 



7 9 o+5.74 
'■"-5.08 



1.20 



+0.64 
0.33 



- Dc >-4.32 U - ii -0.11 



2.00 



-1.09 
-0.64 



+4.45 



n n +1-46 
a,01 -1.16 



Table 6. The observation dates since the onset of the outburst 
for the UV grism spectra in Fig. [7] 



To 



8 
13 
18 
23 
26 
27 



ObsDate 



2007-04-20 
2007-04-25 
2007-04-30 
2007-05-05 
2007-05-08 
2007-05-09 



F(0.3-10 keV) 7.5xl0~ 13 8.5X10" 13 1.1x10" 



erg cm 2 s 1 



L(0.3-10 keV) 9.8xl0 29 l.lxlO 30 1.4xl0 30 

™ o— 1 



M (0.3-10 keV) 8.2xl0 12 9.1xl0 12 1.2X10 1 

c =-1 



F(0.0001-100 keV) 1.4xl0~ 12 1.4xl0~ 12 1.3x10" 
erg cm -2 s _1 

L(0.0001-100 keV) 1.8xl0 30 1.8xl0 30 1.7xl0 3 
erg s _1 

M(0.0001-100 keV) 1.5xl0 13 1.5xl0 13 1.4X10 1 



penultimate spectrum averages three spectra around day To 
+ 27 and the bottom spectrum shows the background flux 
for one of the source spectra on day To + 27. It seems the 
spectra become less blue after the sharp decline. All of the 
spectra, including the background spectrum, show a bump 
around ~ 2900 A. This feature is most likely due to the 
contribution of the second order spectrum (see "Notes for 
observing with the UVOT UV grism'lf] which shows that for 
a calibration white dwarf the second-order UV light starts 
~ 2800 A). In the last two source spectra, the background 
noise features are becoming clearer when the source itself is 
becoming fainter. 

The July 2001 HST/ST1S outburst spectrum of WZ 
Sge showed a Mr I I absorption line at 2790-2810 A 
i|Kuulkers et al.ll2002r ) . iKuulkers et~ai1 (2002 ) note that most 
of it originates from WZ Sge and part of it is due to inter- 
stellar absorption. This line is not seen in the UV spectra of 
GW Lib probably due to the much lower resolution of the 
UV grism. 

The calibration of the UV grism is on-going, and conse- 
quently absolute flux measurements remain uncertain. Nev- 
ertheless, we measured monochromatic fluxes at 2200 A for 
the source spectra in Fig. [7] and obtained AF2200 ~ 1-49 x 
10~ 9 , 1.14 x 10" 9 , 2.13 x 10~ 10 , and 1.15 x 10" 10 erg 
cm -2 s _1 res pectiv ely. For L — Aivr 2 F with r = 104 pc 
|Thorstensenl 2003), the fluxes given above correspond to 



monochromatic luminosities AL 
x 10 33 , 2.78 x 10 3 



2200 of ~ 1.95 x 10 3 
and 1.50 x 10 32 erg s" 1 . 



1.49 



Table 7. The average magnitudes, fluxes and their la errors in 
the UVOT V and UVW1 (A = 2600 A) filters for the 2008 and 
2009 observations of GW Lib. The magnitudes and fluxes are the 
mean values of different snapshots. Observation time corresponds 
to the midpoint of each observation in days since To. The expo- 
sure times are given in Table [T] 



ObsID 


Obstimc 


Filter 


Magnitude 


log Flux 




d 




mag 


erg s _1 cm -2 A -1 


7042 


378.25 


V 


16.37 ± 0.01 


-14.979 ± 0.005 


7042 


378.25 


UVW1 


14.69 ± 0.01 


-14.277 ± 0.002 


7043 


385.21 


V 


16.40 ± 0.07 


-14.987 ± 0.030 


7044 


392.04 


V 


16.39 ± 0.02 


-14.987 ± 0.009 


7044 


392.04 


UVW1 


14.60 ± 0.01 


-14.243 ± 0.004 


7045 


682.08 


V 


16.54 ± 0.01 


-15.042 ± 0.005 


7045 


682.08 


UVW1 


14.84 ± 0.01 


-14.339 ± 0.002 


7046 


689.81 


V 


16.53 ± 0.02 


-15.039 ± 0.006 


7046 


689.81 


UVW1 


14.84 ± 0.01 


-14.338 ± 0.003 



4.5 Later UV observations 

We studied the follow-up UVOT observations from 2008 and 
2009 in order to see how the UV magnitudes and fluxes have 
changed since the outburst. The results are given in Table [7] 
Since the last measurement in the outburst lightcurve, the 
UV flux has faded by 0.8 in log F. 



5 DISCUSSION 

In most cases, the hard X-ray emission of dwarf no- 
vae is suppressed d uring an outb u rst. T his is the 
Hvi (fWheatlev etail Il996bl), S S Cyg 



case for VW iiyi (IWrieatlev et alj I1MM0H). S S (Jyg 
(iRicketts. King, fc Raind Il979l; iJones fc Watsonl 11993: 
Wheatlev, Mauche fc Matteill2003h. Z Cam d Wheatlev et ail 
1996al ), Y Z Cnc (IVerbunt. Wheatlev fc Matteil Il999h and 
WZ Sge (| Wheatlev fc Mauchd l2005h . In contrast, the 
outburst X-ray emission of GW Lib peaks at 2-3 orders 
of magnitude higher th an its quiescent le vel obtained by 
XMM-Newton in 2005 (|Hilton et al.l 120071 ). U Gem is the 
only other dwarf nov a seen to increase it s X-ray luminosity 
during an outburst (|Swank et al.l 1 19781 ) , and in this case 
the outburst emis sion is only about a factor of five above 
its quiescent level (jMattei. Mauche fc Wheatlev||2000l ). 

The absolute luminosity of the peak X-ray emission 
of GW Lib is high, but not extraordinary (Table [4|. It 
is about a factor of two less than the X-ray luminos- 
ity of SS Cyg at optical maximum (which corresponds to 
the s econd, weaker peak in the X-ray light curve of SS 
Cyg; IWheatlev. Mauche fc Matteil '2003). and it is only a 



http: / / swift.gsfc.nasa.gov/docs / swift / analysis / uvot_ugrism 



html 
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Figure 7. The evolution of the background-subtracted UVOT UV grism flux spectra of GW Lib throughout the outburst in descending 
and chronological order. The top spectrum is an average of three spectra corresponding to days To + 8, 13 and 18. The following three 
spectra correspond to days To + 23, 26, and 27 (the spectrum on day To + 27 is an average of three spectra during that day). The 
bottom spectrum shows the background flux level for one of the spectra on day To + 27. 



factor of two more luminous than RU Peg in outburst, 
and a factor of three brighter than S U UMa in out- 
burst l|Baskill. Wheatlev fc Osborne! 120051 ). GW Lib seems 
to stand out due to its unusually low X-ray luminosity in 
quiescence, rather than an exceptional X-ray luminosity in 
outburst. It may be that the relatively high mass of the 
white dwarf (|Townslev. Arras fc Bildstenf 2004 ) accounts for 
the high outburst X-ray luminosity, as it may do also in 
SSCyg. 

Very few systems have good X-ray coverage during an 
outburst, so it is not clear whether the steep decline in 
the X-ray luminosity of GW Lib during the first ten days 
of outburst is typical of other systems. The X-ray flux of 
WZ S ge itself does decline during the first half of the out- 
burst j Wheatlev fc Mauchei [20051 ). but only about a factor 
of three in ten days, compared with a factor of thirty in 
GW Lib also over ten days (although note that the first X- 
ray observation of WZ Sge occurred about 3 days after the 
optical maximum). SS Cyg also declined after the optical 
maxi mum, in this case by about a facto r of six over seven 
days (| Wheatlev. Mauche fc Matteil l2003h . In contrast, the 
X-ray flux of VW Hyi was approxim ately constant during 
the outburst (| Wheatlev et al.|[l996bl ) . 

In most dwarf novae the dominant high-energy emis- 
sion during an outburst is optically-thick emission from the 
boundary lay er, which emerges in the extreme-ultraviolet 
jPringlell 19771 ) . This seems also to be the case for GW Lib, 



with a supersoft component detected in the first Swift obser- 
vation, although the luminosity of this component is poorly 
constrained by our observations (Fig(6|. The supersoft com- 
ponent is detected only in our first observation, but it is 
likely to be present also in the later epochs and just too 
soft to be detected by the Swift XRT. Only a small spec- 
tral change would be needed to move this component out 
of our bandpass. Indeed, the extreme-ultraviolet compo- 
nents of VW Hyi and WZ Sge are not detected at all with 
the ROSAT PSPC and the Chandra ACIS X-ray detectors 
respe ctively (|Wheatlev et alJ Il996bl ; IWheatlev fc Mauchei 
120051 ). although they are detected in the EXOSAT LE and 
Chandra LETG bandpasses. 

In the few cases where good coverage has been achieved, 
the extreme-ultraviolet emission ris es only after the X-ra; 



emission has been suppressed (e.g. Wheatle v et alJ 



iJones fc Watson! 1 19921 ; IWheatlev. Mauche fc M attei 



1996. 



20031 ). 



and it is assumed that this supersoft component takes over 
as the main source of cooling as the boundary layer be- 
comes optically-thick to its own emission. Since the extreme- 
ultraviolet emission is present even in our first Swift observa- 
tion, it is possible that the observed peak in X-ray emission 
actually represents the suppressed level, and that an even 
stronger X-ray peak was missed, corresponding to the peak 
emission of the optically-thin boundary layer. In SS Cyg this 
first X-ray peak is a factor of three brighter than the second, 
weaker peak corresponding to the optical maximum. 
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In our later Swift observations the X-rays decline, then 
flatten off, and at the end of the disc outburst there is a 
sharp dip followed by a bump in the X-ray light curve, 
which coincides with the rapid decline in the optical and 
ultraviolet lightcurves. The X-ray hardness also increases at 
this time. These features are shared to some extent with 
other systems. A dip and a bum p are seen in U Gem 
jMattei. Mauche fe Whea tlcv 2000j) which is the only other 
system where X-rays are known to be brighter in outburst 
than in quiescence. A bump is also seen in SS Cyg where it 
is thought to correspond to the boundary layer transitioning 
back to its optically-thin state ()Wheatlev. Mauche fc Matteil 
2003). Another feature similar to GW Lib is the increase in 
hardness at the end of the outburst in SS Cyg, and indeed, 
dwarf novae are usually harder in quiesce nce than in out- 
burst (|Baskill. Wheatlev fc Osbornell2005l ). 

When comparing the outburst X-ray emission to quies- 
cence it is important to distinguish between pre- and post- 
outburst quiescence. GW Lib was unusually faint for a dwarf 
nova in quiescence in the XMM-N ewton observation made 
two years before the 2007 outburst (|Hilton et al. 2007). Our 
Swift XRT outburst observations continued for about six 
days after the end of the sharp decline in the optical and 
ultraviolet lightcurves, which presumably defines the end 
of the disc outburst. Our measured X-ray luminosity af- 
ter this decline (S5 in Table [4} is a f actor of fifty highe r 
than the pre-out burst quiescent level (Hi lton et al,ll2007h . 
Our follow-up Swift observations in 2008 and 2009 show that 
GW Lib declined by a factor of five after the outburst, but 
that it remained an order of magnitude brighter than the 
pre-outburst observations for at least twenty one months af- 
ter the outburst. Another important difference between the 
XMM -Newton and Swift observations is that Ifiilton et al.l 
|2007l ) found an oxygen abundance enhanced by at least a 
factor of six above the solar value, whereas we find that our 
first outburst spectrum is inconsistent with such a high value 
and that the iron abundance appears to be significantly sub- 
solar. It is difficult to understand how observed abundances 
can change so much between quiescence and outburst. 

It has been noted in other systems that the X-ray 
flux tends to decrease between outbursts. Examples in- 
clude VW Hvi (Ivan der Woerd fc Heise]ll987l) and SS Cyg 
jMcGowan. Priedhorskv fc Trudolvubovl 12004 ) . This is in 



cont rast to the us ual predictions of the disc instability model 
(e.g. lLasotall200ll ) in which the accretion rate gradually in- 
creases during quiescence as the disc refills. The inferred de- 
crease in the quiescent X-ray flux in GW Lib is by a much 
larger factor than in VW Hyi and SS Cyg, but the inter- 
outburst interval is also much larger in GW Lib (decades 
compared with weeks and months), so there is more time 
for this decrease to progress. 

5.1 Possible disc models 

The long inter-outburst intervals of GW Lib and other 
WZ Sge type stars mean that the opportunities to study the 
outbursts of these objects in detail have been very scarce. 
In this respect, our data represent a rare insight into these 
intriguing dwarf novae. 

To date, the physical cause of the long inter-outburst 
times has remained elusive. It is not at all clear why 
the accretion discs in these stars should behave any dif- 



ferently from those in other DNe with very similar sys- 
tem parameters. Yet, while the majority of non-magnetic, 
short period DNe exhibit outbursts every few weeks or 
months, the WZ Sge stars outburst every few years or 
decades. There are two main sets of models which attempt 
to explain this stark difference in recurrence time. In or- 
der to suppress the onset of regular outbursts and hence 
lengthen the inter-outburst interval, either the quiesce nt vis- 
cosity must be much lower than in ot her systems (|Smakl 
1 19931 ; iHowell. Szkodv fc Cannkiol Il995l) or the inner disc 



must be somehow tr uncated ( Warner. Livio fc Toutl 1 19961 ; 
iMatthews et al.ll2007l ). While the low viscosity models are 
appealing in that they neatly explain the long recurrence 
times, they remain unsatisfying in requiring the viscosity in 
some quiescent discs to be different from others while, at 
the same time, being very similar during outbursts. Mod- 
els which appeal to inner disc truncation, suppress regular 
outbursts by removing the inner region of the accretion disc 
where outbursts are most easily triggered. Often disc trunca- 
tion is explained by the propeller action of the torque exerted 
on the accretion disc caused by a magnetic field anchored on 
a rapidly rotating prim ary star (|Warner. Livio fc Touttfl996l ; 
IMatthews et al.l2007l ) (a white dwarf magne tic field strength 
of B ~ 10 s G was assumed for WZ Sge by IMatthews et aU 
2007). In this case, mass would accumulate at large radii 
leaving a truncated and stabilised (with respect to frequent 
DNe outbursts) outer disc which acts as a large reservoir 
of mass. If the same physical mechanism was responsible for 
the long inter-outburst timescales of all of the WZ Sge stars, 
it may be reasonable to expect their outbursts to look very 
similar. In this respect, the differences between the observed 
outburst properties of GW Lib and WZ Sge, as outlined 
above, are puzzling. 

The detailed emission physics of the magnetic propeller 
models in particular is not well-understood, making theo- 
retical predictions of multiwavelength outburst lightcurves 
extremely difficult. However, we note that both the low vis- 
cosity and disc truncation mechanisms tend to reduce the 
accretion rate during quiescence and may explain the low 
and decreasing X-ray flux in GW Lib between outbursts. 
Also, in the case of GW Lib, the X-rays are quenched on a 
timescale of ~ 10 days. The only plausible timescale close 
to this value is the viscous time of the accretion disc. Inter- 
preting this as a viscous timescale, t v isc ~ R 2 /a_ffC s H, we 
obtain an associated radius of R ~ 10 10 cm , where we have 
assumed that the viscosity in the hot state qh = 0.1, sound 
speed c B — 10 km s^ 1 , and disc scale height = 0.1 R. This 
estimate is interesting as it is close to the required values for 
disc truncation. Thus it is conceivable that the quenching of 
the X-ray flux is associated with the inward progression of 
the accretion disc toward the white dwarf, and the eventual 
development of a boundary layer, once the outburst has been 
triggered. 



6 CONCLUSIONS 

We have obtained optical, UV and X-ray observations of the 
2007 outburst of the WZ Sge type dwarf nova GW Lib. GW 
Lib stands out as the second known dwarf nova, in addi- 
tion to U Gem, where hard X-rays are not suppressed dur- 
ing outburst. Rather than having a remarkably high X-ray 
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luminosity in an outburst, GW Lib has a very low X-ray lu- 
minosity in quiescence compared to other dwarf novae. The 
outburst X-ray lightcurve of GW Lib shows some similari- 
ties with other dwarf novae, such as a bump seen at the end 
of the X-ray lightcurve and hardening of the X-rays towards 
the end of the outburst. These features are also seen in SS 
Cyg. WZ Sge and GW Lib show some differences in their 
outburst data: the hard X-rays in WZ Sge are suppressed 
and the X-rays decline with a much smaller factor in the 
beginning of the X-ray lightcurve compared to GW Lib. 

A supersoft component, which probably originates from 
the optically-thick boundary layer, is detected in the first 
outburst spectrum. Other systems, such as VW Hyi and 
WZ Sge also show this component in their outburst data. 
The spectral resolution of the Swift XRT or UVOT is not 
sufficient to distinguish emission or absorption lines in the 
spectra. 

The outburst X-ray luminosity at the optical maximum 
was three orders of magnitude higher than during the pre- 
outburst quiescence level in 2005. GW Lib was still an or- 
der of a magnitude brighter during the 2008 and 2009 post- 
outburst observations than during the pre-outburst obser- 
vations. 

The long recurrence time and the lack of normal out- 
bursts suggest that the structure of the accretion disc could 
be explained by models which favor very long recurrence 
times. The two main categories for these models are: 1) low 
disc viscosity in quiescence and 2) a truncated inner disc 
due to a magnetic propeller white dwarf. Assuming that the 
outbursts of all WZ Sge stars would be driven by a similar 
physical mechanism, the observed differences in the outburst 
data of GW Lib and WZ Sge are perplexing. 
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